Background: The Norwegian Cervical Cancer Screening Program recommends screening every 3 years for women between 25 and 69 years of age. There is a large difference in the percentage of unsatisfactory samples between laboratories that use different brands of liquid-based cytology. We wished to examine if inadequate ThinPrep samples could be satisfactory by processing them with the SurePath protocol. Materials and Methods: A total of 187 inadequate ThinPrep specimens from the Department of Clinical Pathology at University Hospital of North Norway were sent to Akershus University Hospital for conversion to SurePath medium. Ninety-one (48.7%) were processed through the automated "gynecologic" application for cervix cytology samples, and 96 (51.3%) were processed with the "nongynecological" automatic program. Results: Out of 187 samples that had been unsatisfactory by ThinPrep, 93 (49.7%) were satisfactory after being converted to SurePath. The rate of satisfactory cytology was 36.6% and 62.5% for samples run through the "gynecology" program and "nongynecology" program, respectively. Of the 93 samples that became satisfactory after conversion from ThinPrep to SurePath, 80 (86.0%) were screened as normal while 13 samples (14.0%) were given an abnormal diagnosis, which included 5 atypical squamous cells of undetermined significance, 5 low-grade squamous intraepithelial lesion, 2 atypical glandular cells not otherwise specified, and 1 atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion. A total of 2.1% (4/187) of the women got a diagnosis of cervical intraepithelial neoplasia 2 or higher at a later follow-up. Conclusions: Converting cytology samples from ThinPrep to SurePath processing can reduce the number of unsatisfactory samples. The samples should be run through the "nongynecology" program to ensure an adequate number of cells.
INTRODUCTION http://www.cytojournal.com/content/14/1/20 3 years (www.kreftregisteret.no). If there are cytologic changes in this sample, the women are triaged and followed up according to specified guidelines. In the case of unsatisfactory/inadequate samples, the recommendation is for renewed cytology test within 3 months. If a woman has several unsatisfactory cytology samples, she will be referred to a gynecologist for further follow-up (www. kreftregisteret.no).
In Norway, there are 17 cytology laboratories covering a population of 5 million people. All the laboratories receive most of their samples from general practitioners in primary screening. There is a large difference in the percentage of unsatisfactory samples between laboratories that use different brands of liquid-based cytology (LBC). [1] In Norway, laboratories that use ThinPrep (Hologic, Bedford, MA, USA) report around 5%-7% inadequate samples while laboratories that use SurePath (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) report a rate of around 0.5%-1.0%. [2] Most of the laboratories in Norway use ThinPrep, but four laboratories have recently started using SurePath. One laboratory reduced their rate from 5.6% in 2015 to 1.4% in 2016 when they changed LBC from ThinPrep to SurePath.
One difference in the two techniques is the inclusion of the sampling brush in the medium of the SurePath container, whereas it is discarded with ThinPrep. [3] As approximately half of the cellular material is attached to the brush, its inclusion with the sample will retain a larger quantity of material for SurePath than for ThinPrep. This could be part of the explanation of why SurePath samples have a higher satisfactory rate than ThinPrep. [4] For optimal results, the collection vial containing the sampling brush is shaken vigorously when it arrives at the laboratory to make a larger number of cells available for processing. Akershus University Hospital (Ahus) uses a "paint shaker," of the kind used commercially to mix pigment with paint base, for this purpose.
One of the issues with the use of ThinPrep is that blood, mucus, gynecological gel, and inflammatory cells from the sample can clog the filter during the process of preparation. [5, 6] There are protocols for manual "washing" of ThinPrep samples to lyse red blood cells that can improve the adequacy of samples. [5] Different hospital laboratories report varying degrees of success using these protocols. [7, 8] The manual procedures consume extra time in the laboratory and each sample ends up being microscopically evaluated twice.
The Department of Clinical Pathology at the University Hospital of North Norway (UNN) receives all the cervical cytology samples from women in Troms and Finnmark county, annually 25,000-30,000 samples. UNN has used ThinPrep LBC since 2006. Following the switch from conventional smears to ThinPrep, there was an increase in the percentage of unsatisfactory samples. Of all samples, 7.6% (2052/26,886) were inadequate in 2014. In this department, the increase in sample yield after washing was found to be small and was not deemed cost effective.
The preparation of samples in SurePath medium is based on centrifugation as opposed to filters. The blood and gel are automatically removed before preparation, and the number of inflammatory cells is reduced. [9] We wished to examine if the sample adequacy of unsatisfactory ThinPrep samples could be improved by transferring them to the SurePath medium and processing them with the SurePath protocol. The Pathology Department at Ahus uses SurePath in their routine and collaborated with UNN in this project. UNN sent 187 unsatisfactory ThinPrep samples to Ahus for preparation and evaluation.
MATERIALS AND METHODS
In 2013, the Pathology Department at UNN initially sent a batch of 91 inadequate ThinPrep specimens to Ahus for conversion to SurePath medium. These were processed through the automated "gynecologic" application for cervix cytology samples. In 2014, the second batch was sent, divided into three separate categories: 32 bloody samples to be run without prewashing, 32 bloody samples to be run after prewashing, and 32 nonbloody samples [ Table 1 ]. These samples were processed with the "nongynecological" automatic program, where a larger proportion of cells are extracted for evaluation.
The converted samples were initially evaluated by a cytotechnologist (Mette Kristin Pedersen) for adequacy and then screened by a pathologist (Sveinung Wergeland Sørbye). Criteria for cellularity require the presence of at least 5000 cells in the specimen equivalent to 8-9 cells per ×40 high-powered field across diameter. [1] The evaluation was performed with investigators blinded to earlier results, previous specimens, and clinical information. The results of the screening were registered as an internal quality control and not as part of the patients' medical records. Screening of subsequent ThinPrep 
Converting from ThinPrep sample to SurePath kit
Conversion of the first batch of samples was performed as follows: all remaining material in the ThinPrep container was centrifuged, and the resulting pellet was transferred to a BD SurePath TM collection vial. These samples were then processed as regular gynecological samples with PrepMate BD TM and BD density reagent before another two centrifugation steps to remove unwanted debris (blood, inflammatory cells, mucus, and gynecological gel).
The resulting cell pellet was resuspended in BD Totalys TM Slideprep with 1 ml tris-buffered water. The samples were run through the standardized "gynecological program," where 200 µl of the cell suspension is used for processing and staining. At Ahus, >99% of routine samples return satisfactory results on this program.
From the second batch of samples, 32 of the bloody ThinPrep specimens were centrifuged for 10 min at 2148 rpm. The precipitate was then washed with a solution of 9:1 Cytolyt ® solution (Hologic, Bedford, MA, USA) and concentrated acetic acid. The unwashed bloody samples, the washed samples, and the nonbloody samples were then spun for 10 min at 2148 rpm. The resulting cell pellets were then transferred to BD Surepath TM collection vials and processed like the first batch with PrepMate BD TM and BD density reagent and a two-step centrifugation and resuspension in BD Totalys TM Slideprep with 1 ml tris-buffered water.
The second batch samples were prepared and stained with a "nongynecological" program, which gives the option to choose the amount of cell suspension to use on each sample slide. The volumes used were 400-800 µl of the suspension, where 800 µl is the maximum volume available for selection in this program.
The Regional Committee for Medical and Health Research Ethics, North Norway, approved the study as a quality assurance study in laboratory work fulfilling the requirements for data protection procedures within the department (REK Nord 2014/787). Norwegian regulations exempt quality assurance studies from written informed consent from the patients (https://lovdata.no/dokument/ SF/forskrift/2000-12-15-1265).
RESULTS
Out of 187 samples that had been unsatisfactory by ThinPrep, 93 (49.7%) were satisfactory after being converted to SurePath. Out of the 91 unsatisfactory samples from 2013 that were run through the "gynecology" program, 33 samples (36.6%) became satisfactory. One example is displayed in Figure 1 . Out of the 96 samples from 2014 that were run through the "nongynecology" program, the percentage of satisfactory samples from the different groups was 34.4% (11/32), 81.3% (26/32), and 71.9% (23/32) for bloody sample with no prewash, bloody samples after prewash, and nonbloody samples, respectively.
Of the 93 samples that became satisfactory after conversion from ThinPrep to SurePath, 80 (86.0%) were screened as normal while 13 samples (14.0%) were given an abnormal diagnosis, which included 5 atypical squamous cells of undetermined significance (ASC-US), 5 low-grade squamous intraepithelial lesion (LSIL), 2 atypical glandular cells not otherwise specified (AGC-NOS), and 1 atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion [ Table 2 ].
Of the 187 patients, 80.7% (151/187) had follow-up tests sent to the same hospital, whereas 19.3% (36/187) had not submitted to repeat testing at the time of the study. Out of 151 follow-up tests, 83.4% were deemed satisfactory while 16.6% (25/151) were still unsatisfactory by ThinPrep. Of the 25 women with repeated unsatisfactory cytologies, 9 had a follow-up HPV DNA analysis and 6 had cervical biopsies taken (data not shown).
Of the 13 SurePath samples that had cytologic abnormalities on screening, follow-up tests from 5 were normal and 5 had LSIL. One had a second unsatisfactory [2, 10] At the Department of Clinical Pathology UNN, we had only a slight increase in inadequate samples initially, due to our pragmatic attitude toward defining a sample as unsatisfactory. In 2012, our percentage of unsatisfactory samples was lower than the national average (2.9% vs. 3.5%). [10] Since 2013, we have followed the guideline criteria for defining a satisfactory sample more stringently, and our levels rose to 7.1% unsatisfactory in 2013 and 7.6% in 2014. The national average for this period was 4.5% and 4.3%, respectively. [2] In this project, we have shown that approximately half of the unsatisfactory ThinPrep samples can be made adequate by converting them to a SurePath procedure (performed at Ahus). This finding is in accordance with Randolph et al., [6] thus reducing the rate of unsatisfactory specimens from 7.0% to 3.5%. This reduces our percentage of unsatisfactory samples to below the national average but does not achieve the 0.5%-1.0% rate of laboratories that primarily use the SurePath process. [2] In contrast, Kalinicheva et al. [8] found increased cellularity in 48% of specimens that had been reprocessed after a wash protocol. Of these, 29% were satisfactory and showed good cellularity in 22%, whereas 7% had borderline cellularity.
The unsatisfactory samples received at Ahus had already had cells extracted from the medium at UNN for the first attempt at analysis. This is probably another explanation for the small number of cells received at Ahus and for their need to run the samples through the "nongynecology" program, which uses a larger dose of fluid. Results after running the samples through the "gynecology" program yielded a satisfactory rate of 36.3% (33/91), whereas the "nongynecology" program yielded 62.5% satisfactory samples (60/96). Kalinicheva et al. found lubricant to be the main cause of unsatisfactory specimens (68%) using ThinPrep. They obtained a satisfactory rate of 29% after applying a wash protocol on the unsatisfactory samples.
Some laboratories report increased yields by "washing" blood-tinged ThinPrep samples before processing. The ThinPrep samples that were prewashed before conversion to SurePath had an 81.3% (23/32) satisfactory rate. These results with SurePath using material from the same sample, but in samples with low cellularity, an additional 50% reduction in cellularity using split samples would probably give a higher rate of inadequate samples using both methods.
We have not tried to transfer to Hologic technique of the unsatisfactory cases obtained with SurePath applying an equivalent method to compare the results, but all laboratories with experience with both methods have less unsatisfactory cases using SurePath than ThinPrep.
Of the 187 women with unsatisfactory ThinPrep samples, 126 (67.4%) were followed up with a satisfactory ThinPrep while 61 (32.6%) had either an unsatisfactory follow-up test or no follow-up test.
A total of 2.1% (4/187) of the women in our material got a diagnosis of CIN2 or higher at a later follow-up. In the Norwegian screening population, this percentage was 0.64% (2427/378,855) in 2014. [2] Thus, the women with unsatisfactory samples in our project had an increased risk of cervical dysplasia compared to a randomly selected woman from the screening population.
CONCLUSIONS
Converting cytology samples from ThinPrep to SurePath processing can reduce the number of unsatisfactory samples. The samples should be run through the "nongynecology" program to ensure an adequate number of cells, and bloody samples should be prewashed before conversion. In general, the use of SurePath decreases the number of inadequate samples due to the sample brush being included with the fluid, thus increasing the number of cells available for analysis. http://www.cytojournal.com/content/14/1/20
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